Abstract: Aim: This report summarises Australian passive surveillance data for adverse events following immunisation in NSW for 2011. Methods: Analysis of de-identified information on all adverse events following immunisation reported to the Therapeutic Goods Administration. Results: 449 adverse events following immunisation were reported for vaccines administered in 2011; this is slightly higher than in 2010 (n ¼ 439) and the second highest number since 2003. The most commonly reported reactions were injection site reaction, fever, allergic reaction and malaise. A large number of injection site reactions were reported following administration of the 23-valent pneumococcal polysaccharide vaccine in adults aged 65 years and over (97.4/100 000 doses) and in children aged less than 7 years following administration of the 13-valent pneumococcal conjugate vaccine (29.4/100 000 doses) and combined diphtheria, tetanus, pertussis (acellular) and inactivated poliovirus (quadrivalent)-containing vaccines (47.1/100 000 doses). Only 10% of the reported adverse events were categorised as serious. There were two reports of death however both were attributed to causes other than vaccination. Conclusion: The increased number of reports in 2011 is attributable to the high rates of injection site reactions in children associated with the administration of combined diphtheria, tetanus, pertussis (acellular) and inactivated poliovirus (quadrivalent)-containing vaccines and the 13-valent pneumococcal conjugate vaccine, as well as in adults following receipt of the 23-valent pneumococcal polysaccharide vaccine.
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Thus, adverse events may be caused by a vaccine(s) or may be coincidental. Adverse events may also include conditions that occur following the incorrect handling and/or administration of a vaccine(s). Post-licensure surveillance -the practice of monitoring the safety of a vaccine after it has been licensed and released in the market -is particularly important to detect rare, late onset and unexpected events which are difficult to detect in pre-licensure vaccine trials. This is the third annual report for adverse events following immunisation in New South Wales (NSW). It summarises passive surveillance data reported from NSW in 2011 and describes reporting trends over the 12-year period 2000-2011. To assist readers, a glossary of the abbreviations of the vaccines referred to in this report is provided in Box 1.
Trends in reported adverse events following immunisation are influenced by changes to vaccines provided through the National Immunisation Program. Changes in previous years have been reported elsewhere. [2] [3] [4] [5] [6] [7] [8] [9] [10] Two recent changes influenced the adverse events surveillance data presented in this report:
(i) From 1 July 2011, Prevenar 13 Ò (13-valent pneumococcal conjugate vaccine, 13vPCV) replaced Prevenar Ò (7-valent pneumococcal conjugate vaccine, 7vPCV) on the National Immunisation Program for children at 2, 4 and 6 months of age in all states and territories except the Northern Territory (which adopted 13vPCV from 1 October 2011). 11 Children aged 12-35 months who had completed a primary pneumococcal vaccination course with 7vPCV are eligible to receive a free supplementary dose of Prevenar 13 Ò from 1 October 2011 to 30 September 2012.
(ii) On 25 March 2011, the Therapeutic Goods Administration issued a recall of Batch N3336 of Pneumovax Ò 23 (23-valent pneumococcal polysaccharide vaccine, 23vPPV) as a precautionary measure following an increased number of reports of adverse reactions in patients who had received the vaccine. 12 Further advice to health professionals not to administer a second or subsequent dose of Pneumovax Ò 23 vaccine was provided in April 2011. 13 Revised recommendations regarding which patients should be re-vaccinated under the National Immunisation Program was provided in December 2011. 14 
Methods
Adverse events following immunisation (AEFI) are notifiable to public health units by medical practitioners and hospital Chief Executive Officers under the NSW Public Health Act 1991.* Case-patients with outstanding information and all serious adverse events are followed up by public health units and the NSW Ministry of Health, and all notifications are forwarded to the Therapeutic Goods Administration. The Therapeutic Goods Administration also receives reports directly from vaccine manufacturers, members of the public and other sources. 15, 16 AEFI data All reports are assessed by the Therapeutic Goods Administration (TGA) using internationally-consistent criteria 17 and entered into the Australian Adverse Drug Reaction Reporting System database. The term 'AEFI record' is used throughout this report because a single adverse event notification to the TGA can generate more than one record in the Australian Adverse Drug Reaction Reporting System database. This may occur if there is a time sequence of separate adverse reactions in a single patient.
Typically, each AEFI record lists several symptoms, signs and diagnoses that have been coded by TGA staff from the description provided by the reporter into standardised terms using the Medical Dictionary for Regulatory Activities (MedDRA Ò ).
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Study definitions of AEFI outcomes and reactions AEFI records are classified by medical officers within the TGA as 'suspected' to be causally related to immunisation. An AEFI record is classified as 'not suspected' and excluded from the Adverse Drug Reaction Reporting System database if: there is no reasonable temporal association between the use of a drug and the clinical event (generally described as onset of symptoms within 28 days following vaccination); the record does not contain enough information for an adequate assessment or the information is contradictory; or if a clinical event is explained as likely to have arisen from other causes.
Because children generally receive several vaccines at the same time, all administered vaccines are usually listed as 'suspected' of involvement in a systemic adverse event as it is usually not possible to attribute the event to a single vaccine.
AEFIs were defined as 'serious' or 'non-serious' based on information recorded in the Australian Adverse Drug Reaction Reporting System database and using criteria similar to those used elsewhere. 17, 19 In this report, an AEFI is defined as 'serious' if the record indicated that the person had recovered with sequelae, been admitted to a hospital, experienced a life-threatening event, or died. 21 For the 23vPPV vaccine, as a single booster is recommended 5 years after the first dose, the number of respondents who declared being vaccinated within 5 years was divided by five to get an estimate of the average number of doses for a single year.
Notes on interpretation
The data reported here are provisional, particularly for the fourth quarter of 2011, because of reporting delays and the late onset of some reported AEFIs. Numbers are updated for previous years. The information collated in the Adverse Drug Reaction Reporting System database is intended primarily to detect signals of adverse events and to inform hypothesis generation. While AEFI reporting rates can be estimated using appropriate denominators, they cannot be interpreted as incidence rates due to underreporting and biased reporting of suspected events, and the variable quality and completeness of information provided in individual notification reports. [2] [3] [4] [5] [6] [7] [8] [9] [10] It is important to note that this annual report is based on vaccine and reaction term information collated in the Adverse Drug Reaction Reporting System database and not on comprehensive clinical notes. Individual records in the database list symptoms, signs and diagnoses that were used to define a set of reaction categories based on the case definitions broadly corresponding to those listed in the 9th edition of The Australian Immunisation Handbook. 16 
Results
There was a total of 449 AEFI records for NSW in the Adverse Drug Reaction Reporting System database with a date of vaccination (or onset of an adverse event if vaccination date was not reported) in 2011. This was slightly higher than in 2010 (n ¼ 439) but the same as the number reported in 2009 (n ¼ 449). Seventy-two percent (n ¼ 325) of the AEFI records during 2011 were reported in the first two quarters of the year and 42% (n ¼ 138) were following the administration of 23vPPV. Of all reports, 33% (n ¼ 149) were for children aged less than 7 years and 66% (n ¼ 297) were for people aged 7 years and over. Seventy-nine percent of AEFIs (n ¼ 354) were reported to the TGA by NSW Health and the remainder were reported directly to the TGA; 19% (n ¼ 87) by doctors/other health care providers, 1% (n ¼ 6) by hospitals and 0.5% (n ¼ 2) by members of the public. The number of AEFI reports by members of the public was much lower in 2011 than in 2010 (21%, n ¼ 88) and 2009 (33%, n ¼ 149).
Reporting trends
The AEFI reporting rate for 2011 was 6.2 per 100 000 population. This is the third highest reporting rate for the The usual seasonal pattern of AEFI reporting from older Australians receiving 23vPPV and influenza vaccines during the autumn months (March-June) is evident in Figure 3 .
Age-specific rates
There was a decrease in the reporting rate in children aged less than 7 years in 2011 compared with 2010 (from 37.9 to 23.4 per 100 000 population). However, the reporting rates were still about 2.5 times higher than in 2009 (9.9 per 100 000 population). In 2011, the highest population-based AEFI reporting rate occurred in infants aged less than 1 year, the age group that received the highest number of vaccines ( Figure 4 ). An increase was observed amongst those aged 7 years and over in 2011 compared to 2010 (4.5 vs 2.7 per 100 000 population respectively) and especially in adults aged 65 years and over (11.9 vs 4.2 per 100 000 population respectively).
There were increases in the reporting rates of most individual vaccines in children aged less than 7 years compared to 2010 (except Hib, varicella and MenCCV (Table 1) ). 17 A significant increase was observed in adolescents (aged 12-17 years) in 2011 compared to 2010 (19.4 vs 6.7 per 100 000 doses), which was more pronounced for HPV (37.9 vs 14.1) and dTpa (24.3 vs 4.3). Reporting rates per 100 000 doses were also significantly higher for adults aged 65 years and over (14.6 vs 5.2), especially for 23vPPV (97.4 vs 23.4) ( Table 1) .
Vaccines
Of the 449 records, the most frequently reported individual vaccine was 23vPPV with 145 records (32%), predominantly in adults aged 65 years and over (n ¼ 108) followed by 18-64 year-olds (n ¼ 32). Five reports were received from those aged less than 18 years (three reports in children aged less than 7 years and two in the 12-17-year age group) ( Table 1) . Vaccines containing diphtheria, tetanus and acellular pertussis antigens were reported in 165 (37%) records, with dTpa (62 records, 14%), hexavalent DTPa-IPV-HepB-Hib (56 records, 12%) and DTPa-IPV (45 records, 10%) being the most frequently reported among DTPa-containing vaccines. The other frequently reported vaccines were: seasonal influenza vaccine (93 records, 21%), rotavirus (43 records, 10%), HPV and 13vPCV (42 records each, 9%), 7vPCV (32 records, 7%), MMR (29 records, 6%) and varicella (22 records, 5%) ( Table 1) . Of vaccines where data on doses administered could be estimated, those with the highest AEFI rates per 100 000 doses were 23vPPV for adults aged 65 years and over (97.4), DTP-IPV (47.1), HPV (37.9) and 13vPCV (29.4) ( Table 1) .
Reactions
The distribution and frequency of reactions listed in AEFI records for 2011 are shown in Table 2 . The most frequently reported adverse events were injection site reaction (47%), fever (22%), allergic reaction (18%), malaise (11%), Adverse events following immunisation are generally regarded as any serious or unexpected adverse events that occur after the administration of a vaccine(s). For reports where the date of vaccination was not recorded, the date of onset was used as a proxy for the vaccination date.
Source: Adverse Drug Reaction Reporting System database, Therapeutic Goods Administration. Source: Adverse Drug Reaction Reporting System database, Therapeutic Goods Administration.
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oedema and pain (10% each), and rash, erythema and nausea (8% each) ( Table 2) .
Of the total 209 cases of injection site reaction, 64 (31%) were children aged less than 7 years and 145 (69%) were in people aged 7 years and over. The most commonly suspected vaccines for children aged less than 7 years related to injection site reaction were: DTPa-IPV (n ¼ 36), 13vPCV (n ¼ 19), MMR (n ¼ 10), hexavalent vaccine (n ¼ 5) and 7vPCV (n ¼ 3). For those aged 7 years and over, the most commonly suspected vaccines related to injection site reaction were: 23vPPV (n ¼ 99; this included two reports in the 12-17-year age group, 26 reports in the 18-64-year age group and 71 reports in adults aged 65 years and over), seasonal influenza vaccine (n ¼ 36; one report in the 12-17-year age group, 15 in the 18-64-year age group and 20 in adults aged 65 years and over) and dTpa (n ¼ 26; seven reports in the 12-17-year age group, 14 in the 18-64-year age group and five in adults aged 65 years and over) either given alone or co-administered with other vaccines.
There were 25 reported cases of syncope during 2011 compared with only four cases reported in 2010. Five cases were reported in children aged less than 7 years following administration of DTPa-IPV-containing vaccines. Twenty cases were reported in people aged 7 years and over following receipt of dTpa vaccine (n ¼ 9), HepB (n ¼ 3), HPV (n ¼ 6) and 23vPPV/seasonal influenza vaccine (n ¼ 2): the majority were in 12-17-year olds (n ¼ 13, 65%).
There were five reports of hypotonic-hyporesponsive episodes reported from children aged less than 7 years. Two reports were following co-administration of hexavalent/pneumococcal conjugated vaccine/rotavirus vaccines, one case was following co-administration of hexavalent and pneumococcal conjugate vaccine, and one case was following administration of hexavalent and pneumococcal conjugate vaccine each.
Severity of outcomes
Ten percent (n ¼ 44) of events were defined as 'serious' (i.e. recovery with sequelae, requiring hospitalisation, experiencing a life-threatening event or death); similar to that observed in 2010. Numbers of reported events and events with outcomes defined as 'serious' are shown in Table 3 . Eleven percent of records were recorded as 'not fully recovered' at the time of reporting (Table 3) ; 35% of these were following receipt of 23vPPV, 25% following DTPa-IPV-containing vaccines and 24% following seasonal influenza vaccines. Information on severity could not be determined for 8% of records (n ¼ 38); 42% of these were following receipt of 23vPPV and 37% following DTPa-IPV-containing vaccines. Of those without information describing severity, the most commonly reported adverse reaction was injection site reaction (61%, n ¼ 23).
The reactions recorded as 'serious' were: injection site reaction (n ¼ 13), fever (n ¼ 8), allergic reactions (n ¼ 7), febrile convulsions (n ¼ 3), diarrhoea/vomiting (n ¼ 2), syncope (n ¼ 2), one case each of Guillain-Barrè syndrome and anaphylaxis and two reported deaths.
There were two cases of anaphylaxis; one was coded as serious and occurred 5 minutes post first dose of seasonal influenza vaccine. The other case of anaphylaxis, not coded as serious, was following co-administration of dTpa and HepB vaccine.
The only reported case of Guillain-Barrè syndrome was in an adult following co-administration of seasonal influenza vaccine (Fluvax Two deaths were recorded as temporally associated with receipt of vaccines. One was a 4-month old infant who had received hexavalent, 13vPCV and rotavirus vaccine 3 days prior to death. The cause of death was recorded as sudden infant death syndrome. The other reported death was a 51-year old with motor neurone disease who died 4 days after receiving the seasonal influenza vaccine. He developed flu-like illness after vaccination and had a cardiac arrest. The cause of death was documented as complications of motor neurone disease.
Pneumococcal conjugate vaccine
In 2011, the pneumococcal conjugate vaccines (7vPCV and 13vPCV) were suspected of involvement in 73 AEFI records (42 for 13vPCV and 31 for 7vPCV) for people aged less than 7 years with 10 cases coded as serious (six for 7vPCV and four for 13vPCV). Ninety percent of the 7vPCV reports were from the first half of the year and all the 13vPCV cases were vaccinated between June 2011 and December 2011. The reporting rates were 29.4 per 100 000 doses for 13vPCV and 19.5 per 100 000 doses for 7vPCV ( Table 1 ). The rate for 7vPCV was higher in 2011 than in 2010 (10.8) and 2009 (7.8). All the 7vPCV vaccines were co-administered with hexavalent and rotavirus vaccines while in the case of 13vPCV, 50% (n ¼ 21) of cases were 13vPCV administered alone, under the 
Adverse events following immunisation are generally regarded as any serious or unexpected adverse events that occur after the administration of a vaccine(s). 23vPPV: 23-valent pneumococcal polysaccharide vaccine
Source: Adverse Drug Reaction Reporting System database, Therapeutic Goods Administration. n/a n/a n/a 18]64 years Seasonal influenza 40 5 n/a n/a n/a 23vPPV 32 1 n/a n/a n/a dTpa 24 2 n/a n/a n/a Hepatitis B 7 0 n/a n/a n/a Yellow fever 3 1 n/a n/a n/a Q fever 2 0 n/a n/a n/a Rabies 1 0 n/a n/a n/a $65 years catch-up program offered to children aged between 12 months and 35 months.
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The distribution of reaction types for both 7vPCV and 13vPCV are presented in Figure 5 . 7vPCV was not recorded as the only suspected vaccine for any reported reaction category. The most frequently reported reactions for 7vPCV were fever and vomiting/diarrhoea (n ¼ 10, 32% each) and allergic reactions and rash (n ¼ 7, 23% each). Malaise  50  6  12  0  0  10  20  40  80  Oedema  47  0  0  4  9  3  6  44  94  Pain  43  2  5  0  0  0  0  43 100  Erythema  35  3  9  2  6  6  17  29  83  Nausea  34  3  9  0  0  2  6  32  94  Headache  33  2  6  0  0  2  6  31  94  Myalgia  26  3  12  1  4  0  0  26 100  Dizziness  17  0  0  0  0  0  0  17 100  Gastrointestinal-RVV  14  2  14  2  14  14  100  0  0  Abdominal pain  12  1  8  1  8  5  42  7  58  Reduced sensation  12  1  8  0  0  1  8  11  92  Respiratory rate/rhythm change  8  1  13  1  13  1  13  7  88  Pallor  7  2  29  0  0  3  43  4  57  Weakness  5  0  0  0  0  0  0  5 100 Adverse events following immunisation (AEFI) are generally regarded as any serious or unexpected adverse events that occur after the administration of a vaccine(s). There were no reports for the reaction categories acute flaccid paralysis, intussusception, encephalopathy, encephalitis, meningitis, orchitis, osteitis, osteomyelitis, parotitis, sepsis and toxic shock syndrome. Adverse events following immunisation (AEFI) are generally regarded as any serious or unexpected adverse events that occur after the administration of a vaccine(s). a Percentages relate to the total number of AEFI records (N ¼ 449). b Percentages relate to the number of AEFI records with the specific outcome (e.g. of 316 AEFI records with a 'non-serious' outcome, 32% were for children aged under 7 years). Percentage of 7vPCV records 20 25 30 35 Percentage of 13vPCV records 13vPCV was the only suspected vaccine in 21 (50%) records. There were 19 (45%) reports of injection site reaction; nine (21%) of fever; eight (19%) of rash; five (12%) of allergic reactions; one case of syncope and one reported death following co-administration of hexavalent, 13vPCV and rotavirus vaccine.
Pneumococcal polysaccharide vaccine (23vPPV)
There were a total of 145 records for 2011 where 23vPPV was listed as a suspected vaccine. Five records were from those aged less than 18 years (three in the 0-6-year age group and two in the 12-17-year age group). There were 140 AEFI records for adults aged 18 years and over where 23vPPV was listed as suspected of involvement in the reported adverse event with four cases coded as serious and 97 reports of injection site reaction. Of the 140 cases, 108 cases were reported from older adults (aged 65 years and over). Using the 2009 estimate of the number of doses of 23vPPV administered to people aged 65 years and over (n ¼ 110 899), 23 the AEFI reporting rate was 97.4 per 100 000 doses; this was four times higher than in 2010 (23.4 per 100 000 doses). The distribution of reaction types for 23vPPV is presented in Figure 6 . The most commonly reported reaction was injection site reaction (n ¼ 101), oedema (n ¼ 40), pain (n ¼ 31), fever (n ¼ 27), erythema (n ¼ 23), malaise (n ¼ 15) and nausea (n ¼ 13). Figure 7 shows the initial increase in reports following 23vPPV in 2011 (by week of report) until 25 March, which was much greater than the historical average. These initial reports triggered a national investigation, which led to a batch recall on 25 March, which then resulted in stimulated reporting.
Discussion
There has been a slight increase in the total number of AEFI records and population-based reporting rates in 2011 compared with the corresponding period in 2010. Compared with 2010, there was a large decline in AEFI reporting following vaccination with seasonal influenza vaccine and pH1N1 influenza vaccines. The reduced reporting of AEFIs related to seasonal influenza vaccine is notable and suggests that recommendations for not using the CSL vaccine (Fluvax Ò ) in young children (aged under 10 years) 22, 23 have decreased AEFIs at a population level.
An increase was observed in reporting rates per 100 000 doses of certain vaccines and age groups as shown in Table 1 . By age group, reporting rates per 100 000 doses were higher in 2011 compared to 2010 for all age groups, but the increase was statistically significant in children aged 2 to less than 7 years (31.5 vs 16.2) and 12-17-year olds (19.4 vs 6.7). The increase in reporting of AEFIs in children aged 2 to less than 7 years in 2011 is primarily because of increased reporting of injection site reactions following vaccination with DTPa-IPV-containing vaccines and 13vPCV. Data from the clinical studies of Prevenar 13 Ò demonstrated similar rates of injection site reactions when comparing 7vPCV with 13vPCV, with an increase in injection site reactions following the fourth dose of either 7vPCV or 13vPCV (in the second year of life) compared with earlier doses in infancy. A similar trend was also observed for other systemic reactions. 24 From October 2011 children aged between 12 and 35 months who had completed a primary pneumococcal vaccination course with 7vPCV have been eligible to receive a free supplementary dose of Prevenar 13 Ò .
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The increased reporting rate of injection site reactions for 13vPCV may be in part because it is being given as a fourth dose of a PCV vaccine at an older age. The higher number of reports following 13vPCV might also be attributed to the 'Weber effect' 25 which describes increased reporting frequently observed following the introduction of new vaccines.
A significant increase in reporting rates was also observed in adolescents, mainly due to injection site reactions following administration of dTpa vaccine. One suggested hypothesis for the mechanism of injection site reactions is an 'Arthus reaction' caused by the presence of high levels of pre-vaccination IgG antibody in the vaccinees. 26, 27 Possible causes of higher pre-vaccination antibody levels include immunity induced from natural infection in the pertussis epidemic from 2008, which was notable for high notification rates in pre-school and primary school-aged children, 28 as well as the earlier age of administration of the pre-school DTPa-IPV booster and the adolescent booster (at age 12 years, compared with age 15 years) that has occurred in response to program changes in recent years. 29 There was a higher than expected number of injection site reactions detected following administration of the 23vPPV vaccine in NSW. Reporting rates per 100 000 doses were four times higher in all AEFIs (97. and cannot distinguish between first and subsequent doses. In response to the continued increase in reports of severe injection site reaction reports, in April 2011 the TGA issued advice to health professionals not to administer a second or subsequent dose of Pneumovax 23 Ò vaccine. 13 An expert multidisciplinary working group was convened to investigate all reports of injection site reaction following 23vPPV. Revised recommendations regarding which patients should be re-vaccinated under the National Immunisation Program was provided in December 2011, with re-vaccination no longer recommended for those aged 65 years and over without predisposing medical conditions. 14 We cannot exclude that the higher overall numbers of reports and reporting rates in 2011 may also be a result of an increased propensity by immunisation providers to report due to the heightened awareness of AEFIs following influenza vaccine safety issues in 2010. Increased reporting may also reflect changes in the proportion of reports transmitted from public health units to the NSW Ministry of Health, and thence to the TGA.
Conclusion
The total number of AEFIs reported in 2011 was slightly higher compared with the same period in 2010, mainly due to reports of injection site reactions. Increases in reports in infants were related to the introduction of 13vPCV onto the schedule from July 2011, particularly including the supplementary booster dose for children aged 12-35 months. Increases in the 2 to less than 7 year age group were related to the DTP-IPV vaccine, and follow an increasing trend since 2009. There was also an increase in the 12-17-year age group associated with dTPa. Increases in the 65 years and over age group were associated with injection site reactions following administration of 23vPPV, many of which may have been second doses. If a real increase in injection site reaction incidence has occurred following pertussis vaccines, one possible explanation for children and adolescents is higher pre-vaccination antibody levels, due to the recent pertussis epidemic and possibly also earlier receipt of the pre-school and adolescent booster. There may also be a greater propensity by vaccine providers to report in 2011 due to the heightened awareness of AEFIs following influenza vaccine safety issues in 2010.
The majority of AEFIs reported to the TGA were mild transient events and the data reported here are consistent with an overall high level of safety for vaccines included in the National Immunisation Program schedule.
